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(S) Multiple-detector system for detecting charged particles. 



@ A multiple charged-particle detector system 
includes a plurality of charged-particle detector 
assemblies (10-12) which are each made up of a 
first aim (19-22) and a second arm (24-27) 
extending at an angle to each other. Charged 
particles (4-7) enter an aperture (14-18) at the 
entrance of the first arm (19-22) of each detec- 
tor assembly (10-12) and strike a dynode (30-33) 
positioned at the intersection of the two arms 
causing electrons to be emitted by the dynode 
(30-33). Some of the electrons pass into the 
second arms (24-27) of the detector assemblies 
(10-12) and are detected by a continuous- 
dynode electron multiplier (35-38). The first 
arms (19-22) are narrower than the detectors 
(35-38), and the detector assemblies (10-12) are 
arranged in such a way that the minimum sepa- 
ration at which charged-particle beams (4-7) 
*~ can be detected is determined by the Avidths -of 
the said first arms (19-22) of the detector as- 
• : semblies (10-12), and not by the widths of the 
* detectors (35-38) themselves. 
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This invention relates to multiple-detector systems for detecting charged particles.'lt is particularly, al- 
though not exdusively, relevant to multiple-detector systems used in spectrometers, for example Isotope-Ratio 
t Mass Spectrometers which are used for trie determination of 'the isotopjc composition of materials. 

Many analytical devices inyolvethe si multen bus detection of charged particles^ at a plurality of locations. 
5 In order to do this, an array of charged-part ide detectors may be used. The minimum size of these detectors 
is a limiting factor in determining the minimum spacing apart at which the detectors may be positioned, and 
thus the minimum spacing at which particles may be detected, and this spatial limitation poses a problem which 
must be solved in designing the device. Another f requent requirement of multiple-detector systems is that the 
d etector s be adj usta bl e in fhe ir rel at i ve pos it ions , so that charged part id es may be si mul ta heousl y d etected 
10 at a plurality of rocatipns^the'sp^cings^of which locations may be varied. Ah example of a' field in which both 
these requirements must be met is isotope^ratib mass spectrometry. 

Isotope-ratio mass spectrometers are well known in the prior art Typically, such ah arrangement will con- 
sist of an ion source for generating a beam of ions wjiich .are characteristic of the element (or elements) in the 
; sample tb be analyzed; a mass analyzer for dispersing the ions in the beam to follow different trajectories ac- 
ts cording to their masfr-to-chafge^ "ratios; and^a plurality of ion, detectors, each of which is positioned to detect 
ions of a particular mass-tCHcharge'ratio. The, mass analyzer, for example a sector magnet, effectively sepa- 
rates the incident ion beam into a plurality of dispersed beams which_are focused at different points on the 
focal plane of the magnet, the points at which particular particle beams are focused on the focal plane being 
determined by the mass^to-charge ratjos of the part ides. J n . such a device, ^plurality of parfide beams may 
* 20 be detected simulteheously/giving'a rapid and accurate measurement of the isotopic composition. 

For a given mass spectrometer cohf igurat ion, the spacjng between the positions at which ions are detected 
^ will vary depending upon the different mass-tp-charge ratjos of the various isotope beams to be measured.. 
Typically, the distance between isotope beams to be detected Is in the range of a few millimetres, so that the 
detectors employed must be capable of detecting ion beams only, a few millimetres apart 
^£5 _ " "One 'type of ion detectbr which may be used is the con tinuous-dy node electron multiplier. Acontinuous- 
_ , ^ dynpde electron multiplier i^ has the property thatwhe'ri a charged partide 

strikes it, secondary electrons are'emitted^^ in their turn hit the inner wall of the tube 

"and this process is repeated causing more arid more emissions'sb that at the output end of the tube a targe 
\. electron signal is detected. Typically, Jthe tube is curved and ^diminishes in cross-section along its length. It is 
^. ^ '"' .PPSsiSe^to m'anufacture conffnupus-dynp^ electron muJtTpliersVhich are small enough to be placed a few 
" a " ^ that, they are nptas.reliable as the larger models, they 

are more expensive to prpducaand they do riot have'a.lar^e dynamic range (i.e. a constant response over a 
wide range of intensifies) which is very important in isotope ratio analysis where the~ ratios of adjacent peak 
..heights may.be greater than J, 000,000 : \ \ / 
35 * Another method^ for detecting' ion beams which are very dose together is to .use a channel-plate detector. 
A channel platens typically a disc of high-resistivity semiconducting gla~ss*with many tiny pores, which are the 
^ openings of tiny channels through the plate, each^channel acting as a oontinupus-dynode electron multiplier. 
** A channel, plate rriay have thousands of ~pores,per square mfllimetre and would therefore have no difficulty in 
: ? dete^ing bearps a few.m^ I 
40 . plates i?LPpor asjhey tend to burn but after a while. AJsp,. the existence of the pores affects the observed peak 
shape, which depends on i Jthe pbsit ion at which the ion beam , 
In order .to be able to look at the isotonic composition p^ 
t "_*. . feature of isotope-ratio mass Spectrometers is that the. ion detectors, be adjustable in their relative positions, 
^ 1_ \ . bpcause, asstated above, for a t glveri m^ configuration the positions of; the ion beams to be 

.." deterted w]ll vary a^^ 

. Ah jsotope^ratio^^ incorporating many of the above features is shown in US4524275 

' ' • (Cottrell efal). which is incorporated herein by reference. In this. device, an ion. source produces a beam of 
, ions which are dispersed by p sector magnet and detected by.a plurality of ion detectors. The magnet is shaped 
' \ T , .. ." so that the dispersed ion beams are Ypcused on a^plane which is substantially perpendicular to the optical axis. 
so As discussed in the patent this arrangement addresses a number of the.defects found.in prior isotope-ratio 
mass spectrometers. Sensitjy|ty : and accuracy are increased because the arrangement of the collector slits 
' r ..'""avoids problem of ^ ctor assembly and being deflected into 

""a dpv/n-stream detector, givinga spiiripus sijgnal. Further, th fact that the detectors are" arranged along a plane 
L.\ ^ which is substantially perpendicular to the optical axis simplifies "the mechanical linkages required Xo alter the 
. .55 ' ppsitionspf the defectors. However,. this device suffers from the prior art problem that the minimum spacing 
bflh detectors across the focal plane is.iimifed by~their size. 

Itjs an object of the present invention to provide, a. multiple-detector system for detecting multiple beams 
■;.** .- - of charged"particles in an analytical device which is simple in its construction and in which partid s can be 
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detected at positions which are separated by distances smaller than the widths f the detectors. 

' It is another object of the present invention to provide a multiple-detector system for use in an analytical 
device, in which particles can be detecfedat positions which are separated by distances smaller than the widths 
of the det ctors, , the : satd/rnjltip|e^ete^tpr system'being simple in its constructionand having charged-partide 
detectors which are reliable^ have a long lifetime and a large dynamic ranges 

It is still another object of the present invention tcf provide a mass spectrometer having such a multiple- 
detector system. * ...... t 

jri accordance with the above-mentioned objects, the invention prby/des a multiple-detector system for 
detecting a plurality of charged-particle beams in an analytical device, the detector system having at least one 
group of charged-particle detector assemblies, jsharactensed in 'thatVacfi defector assembly comprises an 
apertured member for receiving one of*fh~e charged-particle beams, a secondary-emissive element which 
emits secondary particles in response to being hit by^charged particles ahd is positioned so as to intersect 
: the path of a charged-particle beam entering the, detector assembly through the apertured member, and a de- 
tector for' detecting particles' emitted by the secbridary-emissiye^ at an angle 
to the beam path between the apertured member ah d^tKe se^ndary em the system further 
being characterised inthatthe detector assemblies are conf igiffe^ members of 
the group of detectdr assemblies to be positioned in suchVway that ^ which separate 
charged-particle beams can be discriminated is lessihan the widths of the detectors within, the detector as- 
semblies. . , . * ^ 

In a preferred* form", the^assembly comprises a firs! armVaving the" aperture at one end thereof, and a 
second armpit an angle tolhe f if st arm, haying \hej]detedp^ being 
"positioned at a junction between the" Two arm's, with" the first arm beirlg narrower in width than the detector. 

Viewed from anothef aspect the invention provides a mass spectrometer having- a vacuum housing con- 
taining . : . .. - s . ^ . r r 

In a preferred form; the assembly cdmprrises a"f (rs^ arm riavirijp tfie ap"erture at' an en^ thereof, and a sec- 
ond arm, at an angle to the first arm, haying thedetecfor theije^ element 6eing posi- 
tioned at the junction~between the two arms," With the f irst'arm "being narrower "in wiclfri than the detector. 

i. a charged : partide source,* typically ah ion source^ Tor producing ~a charged-^artide beam, typically an 

ion beam, ' " " '*■* ' " c - ; ' • 

ii/a mass analyzer for dispersing the charged-particle beairr^soth^ particles are dis- 




to-charge ratios" being focnjs'ed at d iff erert p^ 
iii. a multiple-detector systerii as defined above. V 

The apertures of the said detector assemblies maytfep coincide with the focal 

plane of the dispersed tharged-partide beams, so that trte ^<Sspe?sed charged;par1ide beams are focused on 
the said apertures. - c ■ - ■ J - ' 1 --«.. 1 

In* one embodiment, the said second'arm of each detector assembly may be positioned substantially at 
right angles to the said first arm of e&ch detejcfor ksjsemty away 
from the said first arms in subs^nt&fry 4 ^ the Jerigths o0hVfirsrafms of the various 

detector assemblies within the or each f group progressively increasing by more than the widths of the said sec- 
ond arms so thaf the detector assemblies within each grou jTmay be heated together •-•~ , - z 
: * In another embodi ment there may be" two'Qfoups^of detector assemblies, wreh the second arms of th de- 
* tector assemblies of both of the said groups beihg'sub^ second arms 

df One group' of detector assemblies extending in yubstantigjfy/jEh^ sec 9 n d arms of 

the other group of detector assemblies, in ordertofb'rm'two back*-^ assemblies. 
Alternativery, the saiif second arms of each detector assembly may P riot be Wbstarftlafjy^parallel, but may ex- 
tend in directions at angles to each other. * ^ 

In a further embodiment, each' said detector assembly is adjustable ih'posttiqrT along the focal plane of 
the charged-piartide beams so thaVcharged particle's may be detected varying ^ositiofts which. may be at 
varying distances apart * ^ \ V \ J - a " 3 / 

The first arrns may be made long enough to substantially prevent off-axis particles from reaching the de- 
tector to thereby improve the colli mat ion of thVbeam before ]f hits the secohdary-emisslye lement 

The charged-partide detectors may be channel eiectrori rriultipliers. Alternatively tftey^may be any other 
suitable charged-partide detector: In a further embodiment, one or more grbups of conventional detector as- 
semblies, for example Faraday cups or. channel electron muitipljers, may b J provided" in addition to the one 
or more groups of detector assemblies as disdosed in the present invehtidn, and arrangements may be pro- 
vided so that by altering the characteristics of the mass analyzer, the* dispersed charged-partide beams are 
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detected by different groups of detectors. According. to one aspect, the said secondaryremissive element may 
be a d^node, the secondary par tides emitted by the said dynode being el ctrons. 

Advantageously, the characteristics of the mass analyzer are chosen so that the focal plane of the dis- 
persed charged-particie beams is substantially flat and substantially perpendicular to the optical axis, for x- 
ample using the.conf iguration shown in US4524275, although. the invention is not limited to such a configur- 
ation. . -. , . . . " . . /- . . . . . 

The invention also. extends to a detector assembly itself for. use in the above systems. 

Certain preferred embodiments of the invention will now be described in detail by way of example only 
and with reference to the. figures, wherein*-" _ " 1\ „. « . '\ ■ 

Figure 1 is a plan view showing^he jon optical arrangement of one type of single-focusing multiple-de- 

. tector mass,spedtrojneter which lis constructed in accordance with thepresent invention; 
Figure 2 Js a front view of a multiple-detector assembly suitable for use in the spectrometer of Figure 1 , 

. :t with a front coyer of detectonassembly 10 being omitted for darity;. 
Figured is a sectional view, along the. line, AA'Jn figure 2; 

Figure 4 . r Js.a plan v^ew showing a further embodiment of the present invention; , 
Figure 5 . Js a* plan view of a. still further embodi/nent.pf the present invention showing two groups of de- 
tectors arranged back-to-back; and , . „ . . 0 . 
Figure 6 is a_f rontviewof a four-detector assembly as shown in Figures 1-3, incorporated in a mass spectr- 
. . pmejer. ( . J{ . . 
ItwiJI be appreciated that this, invention, is not limited to a detector .assembly for a mass, spectrometer as 
shown in figures 1, 4, 5 and 6 but can be applied. to many typespf analytical devices having a plurality of de- 

. tector assemblies arrayed next to each other. Further„althougKfigures 2 and 3 show a channel electron mul- 
tiplier, the invention Js not limited to such detectors but may be used with any suitable detector. Also, the in- 
dention is not limited to a device wherein the focal plane of the dispersed beams is substantially perpendicular 

. to the.optical axis 8 as shown in.the f igures, but may also be applied to a device where the said focal plane is 
at a differentjangje to thedptical jaxis.8. In such a device, the detector assembly .apertures would be positioned 
at the foci of the dispersed beams on a plane which is non-perpendicular to the optical axis. In such a device, 
mechanisms might be provided to adjust the position of the detector apertures in a direction parallel to the 
said plane, although as pointed.out.in US4524275 this would involve more complex engineering since the mo- 
tion- required [ w.ould [ be^at aoJndined angle to .the optical, axis iL The figures are not drawn.to scale. 

. . Referring to figure 1, charged partjcles are generated in trie charged-partide source t 1 (which may be of 
any suitable type) which generates a charged-particie beam, typically an ion beam, said charged partides fol- 
lowing trajectory '2 towards a mass analyzer 3. The incident ion beam is dispersed by the mass analyzer into 
beams of ions of different mass-to-charge ratios which follow trajectories 4, 5, 6 and 7 respectively. The beam 
of ions having the lowest mass-to-charge ratio which it is desired to measure, which follow trajectory 4, is fo- 
cused at aperture 1.4 which is positioned on the focalplane 9. In the best mode of realizing the invention, mass 
analyzer 3 is a sector magnet of the.type disclosed in U S4524275, wherein the magnet is shaped so as to focus 
the dispersed ion beams on. a focal plane which, is substantially perpendicular to the optical axis 8. The ion 
beam passes through aperture 14 in apertured pi ate. 1 5 of detector assembly 10 to. enter the first portion (arm) 
19 of the detector assembly. The ions then travel along the first portion of the detector assembly and strike 
a secondary-emissive element which consists, of a dynode 30 placed at the junction between the first 19 and 
second 24 portions (arms) of the assembly. Ions striking dynode 30 generate secondary electrons 32, some 

: of which pass jnto.the second portion (arm) 24 of the detector assembly 10. These electrons are detected by 

. detector 35. Ions. of progressively, higher mass-to-charge ratios willfoliow trajectories 5, 6 and 7, to enter de- 

„ tector assemblies^ 1 , 12 and 1 3 respectively. Any or all of detector assemblies 10-13 may be adjustable in pos- 
ition along. the focal plane 9-ofi the mass, spectrometer (see.arrow b). . r ^ 

Figures 2 and 3 show simplified views of a multiple-detector assembly according to the invention. Figure 
•2 is drawn looking along the optical axis, 8 towards detector assemblies 10-13, with.front coyer 80 (see Fig.3) 

-of detectorassembly. 10 removed toshow detector 35.- Detector ass e/nbly 10 is made up of a housing 40 which 
can be moved along runners t 45 and. 50 via micrometer shaft 55. Housing 4Qcontains.a deteetor, in this example 
a channel electron multiplier 35. Output from the detector is via connecting wire 61, the power supply to the 
detector being via wires 80 and 62/Charged particles enter the det ctor assembly through an aperture 14 in 

• apertured plate 15 and pass along the first portion 19 of detector assembly 30 as described above (Se figure 
3). They then strike dynode 30,: generating^ condary. electrons which enter the mouth of detector assembly 
35 and strike the inner walls, generating secondary lectrons. Th process is then repeated as described 
above, and an amplified signal representative of the electron signal is outputted on wire 61 . Apertured plates 
16, 17 and 18 belong to d tector assemblies 11, 12 and 13 respectively, all of the detector assemblies being 
constructed in a similar manner. The lengths of the first portions 19-22 of detector assemblies 10-13 progres- 
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sively increas in order that the detector assemblies may be nested together. 

* ' Figure 4*sh6ws a mass spectrometer similar to that shown in Figured; but with*' an additional group of 
charged-particle detectors 110-113. Source 1 generates a beam of charged particles which follows trajectory 
2 to enter th mass analyzer 3; which disperses the' incident charged-particle beam. The characteristics of 

5 mass analyzer 3 may be switched so that the dispersed char^d-partlcle beams may follow either trajectories 
4, 5, 6 and 7 (sfiown by broken lfnes)*or trajectories 104, 1 05,^1 06 and i 07 (shown by unbroken lines); to enter 
detectors 10-13 or 110-113 respectively. Detectors 11CM13 are conventional detectors, for example Faraday 
Cups or Channel Electron Multipliers^ while detectorS'10-13 are constructed accord ing'to the invention. In this 
way a selection between different typ&s of deteitors is pdssiBle. ;* 
10 Figure 5 shows a further embodiment of the preterit invention. Irfthis example, the charged-particle beam 

entering the tni£s analyzer 3 has-befen dispersed to%lldw eight trajectories, 200-207. The dispersed beams 
ate detected by two groups of detectoi^cohs'tructed according i to fhe^inveritiorr, 210-213 and 214-217 respec- 
tively. The second portions of tne detector assemblies of both of these groups are substantially parallel to each 
. other, but with the second portions of one group of detector assemblies emending in substantially the opposite 
15 direction to the second portions of the other grdup* of detectdr a"ssemblie : s, in order to form two back-to-back 
groups of nesfed'detector assemblies. The detectors ^re adjustable alon^ runners 245-248 by micrometer 
shafts 260-267 respectively. The arrangement two groups of clete£tdrs in this example allows two de- 
tectors to share the same upper and lower runners. c " ?: *• "* f iV - ; - 

If desired, the second portions dftaVie groSp of detector IssefriBlies need not be parallel to those of the 
20 other but they may be arranged at an angle. Neither is it necessary fortW'&etond portions within one group 
3 to be parallel to each other. For eVampie, the second port iShs J>1 ^21 3 and 21 5*2*1 7 irr figure 5 could be splayed 
-outwithin the 180° arcHdthe^^ht of ^ortion^ 210^and 2t4: ud " 3 ~ \ : ^ 

^ Figure 6 is a front "View of a'foWdetector assembly1^s 1 srtown In Figured -3, iTOofporated into a mass , 
spectrometer. A vacuum housmg^SOiias four psiirVb? tipper* and loweY riinfieVs (orily one pair of which, 45 
and 50, can be seen in Figure 6) 'stitfibrtirig four detecftir assemblies', 1&-'13. i?£cfi detectdr assembly, e.g. 

• 1 0, is connected via a dirrve shaft; e.gv 55? to* a driveTrteehanifefh, e.gr.258?These are bSjtow^-driven micrometer 
; * 'drives which are attached to ports in fhe v vac£junrt housing 25(J'fe^^lb wire Wal^d ffangfes? only one of which, 
" " 252, can be seen in Figure 6: L TRe drivVmerhanisriV^ e.g. a com- 
puter (not shown): — ; M y-^ r -;*~ ^ n ;:\\' 3 *'!:T' *' 

30 ' Many alternative arrangement!? of the iiete'ctor j assemblies are 'posbibleln addft'idn'td'those shown in the 
figures. For example^theahgfe betweerfthe first Ihd ie^ftd^poFt^ may not be 

a right angle. Also, second portions bf'the^de^&^as^emblies^need flirfie paraffeRo^each other. 

4 r ■■ . C . -■• : r-iisa.' it'll Ji:t;-£*o . as* 5 ' sr.* r> r-.vv 'J? -tnt 

35 Claims * " ~ 3 ' * '-r.-zcs-xw*^c.™ j .r ^ 

1 . A multiple^ elector system for detecting a plurality bf charged-particle tiearns irvarf analytical device, the 
detectorsystem having atleast one group of changed- particle detector assemblies; characterised in that 
each detector assembly comprises' an apertfired^e^bei-fofVeceTvIng oifie ofltiiEr charged- par tide beams, 

40 a secondary-emfssive^element'whictr emrts secondary jjart (cies 1 In i response^ to^efnVhit by charged par- 

ticles and is positioned so as 'to^ihtersect the "path* of a charged-particle Beam entering the detector as- 
sembly triroiijgh the apertured member, and a ^ detector fordelecting particres eW the secondary- 
emissive element the cletector ^xtendin^at an angle to the bearn^jDathPbe^weien ffie : apertured member 
- 7 1 - and the^secondai^elnissive elemeVt! the'sysfisnS f u?th6r being ch^racJerise'din that the detector assenv 

45 - blies l are e cx>rifigXifed so as 'to enaSe the apehured m6fftbers 6fi:We grolip cff detecfer assemblies to be 
positioriedih such a way that the mlnlmurh separation at whicff separirfe chi^tf-partrcle be'Sms can be 
discriminated is less than the widths of the'detectors Wrthih*tfie detector ^ssem6lies.° " 

' *2. - A multiple-detector system as claimed rnpdaim f 1 f wheYeirt thfe dharQelci-piarticle^beams are dispersed to 
so follow different trajectories aocordinig to their mas^fOHChar9*tfratios t each detector assembly being dis- 

r pbsed so as to detect ai>6am of "particles of*a : parflcular 3 maS%-t6-char&e nation ' > 

- 3: . A- multiple-detector system as claimed iniClairrr 2,*;wh3BfBin the analytical device:comprises a charged- 
particle focussing system having an optical axis, eactr said charged-particle beam-being focussed at a 
55 - point; said points being dispos d,at:variou&locations:on a : focal plane, said detectbr, assemblies being 
arranged so that the focal point of a particular charged-particle beam substantially coincides with the 
aperture of a particular detector assembly; ■-;•**•.. - * ♦ - 
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4. A multiple-detector system as claimed in claim 3, wherein the focal plane of the charged-particle beams 
is substantially flat and substantially perpendicular to the direction of the optical axis at the exit of the 
focussing system. 

5 5. A multiple-detector system as claimed in any preceding claim, wherein each detector assembly comprises 
a first arm having therapettuxedJ^mber af one end", and a* second arm, at an angle to the first arm, having 
the detector therein . ' : 

6. A multipie-detectori&ystern.as claimed in-dainvS, wherein the second arms' of the detector assemblies 
10 are substantiall^ par^l^S'each other; t^elengths of the first arms of the detector assemblies within the 

or each gToupTarc^iBSsivel^^ the widths of the second arms so that the detector 

assemblies within each group may be nested together. 1 
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7. A multiple-detector systenctas claim ed-inclaim 5 or 6, wherein the second arm of each detector assembly 
extends substantially aFffghrangTes to its first arm. . 

8. A multiple-detector system as claimed in claim 7, wherein two groups of detector assemblies are provided, 
with the second arms of the detector assemblies of both of the groups being substantially parallel to each 

: other, with-the secon^arm&^one group of detectorassemblies extending in substantially the opposite 
directiorr tolRe second arms of the other group of detector assemblies, in order to form two back-to-back 
groups^f nested^detectop assemblies. ' t . j 

9. A multiple-detector system as cteirrfed in claim 5 or 6, wherein the second arms of each detector assembly 
, extOT ^nj*aric^;^ be splayed out around the optical axis. 

25 10. A multiple-detector system as claimed in any of the previous claims, wherein each detector assembly is 
adjustable in position sq[;that .charged- particle bsams may be detected at varying positions which may 
be at varying distances apart -*J : ' 1 

' : * ' ' • v 

11. A mass spectrometer-having a ivacuurn i housing containing^" ' " 
30 i. a charged-particle source for-producing a charged- part icje beam; 

ii. a mass analyzer for dispersjnfg "the.charged-pajrticle beam so that the incident charged particles are 
dispersed along different-trajectories according to ttieir mass-to-charge ratios, the dispersed charged- 
particle beams being focussed by the mass analyzer along a plane, with charged particles of different 
mass-to-charge ratios being focussed at different points along the plane; and 
—35 i». a multiple-detector system as defined in any of the preceding claims. 

12. A multiple-detector system for detecting a plurality, of charged-particle beams comprising at least one 
group of charged-particle detector assemblies, characterised in that each detector assembly comprises 
a first arm having an entrance aperture at one. end thereof, a second arm at an angle to the first arm 

40 and having a detector therein, and a secondary-etnislsive element positioned at a junction between the 

two arms and emitting secondary particles on being hit by ajsharged particle beam entering through the 
first arm aperture, at least some of the emitted secondary particles being detected by the detector in the 
second arm, the first arm being narrower in width than the detector. 

1 3. A charged-particle beam detector assembly comprising an entrance aperture, a secondary emissive ele- 
ment positioned so as to be hit by a charged-particle beam entering the assembly through the entrance 
aperture and emitting-secondary particles when so hit, and a detector for detecting said secondary par- 
ticles, said detector extending at an angle to the beam path between the aperture and the secondary- 
emissive element 

— / 

50 14. A charged-particle beam detector assembly according to claim 13, wherein the assembly comprises a 
first arm' haying the-aperture at one end thereof, and a second arm, at an angle to the first arm, having 
the detector therein. , - ' 

55 
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